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ntroduction ield Observations Case Study: July 28

In 2002, as part of the multi-platform CRYSTAL-FACE field cam- The tables and histograms below summarize the CCN observations made during CRYSTAL-FACE. At both supersaturations, On the July 28 research flight, CF-18, the Twin Otter encountered
paign, the CIRPAS Twin Otter carried a payload of aerosol and ra- the means are skewed upwards by a relatively small number of measurements at higher concentrations. The medians are air masses with much higher particle concentrations than had previ-
diation instrumentation on twenty research flights in south Florida. 233 cm™ at S=0.2% and 371 cm™ at S=0.85%. Almost all of the high concentration measurements were made during the two ously been seen during CRYSTAL-FACE, as high as 30000 parti-
The role of the Twin Otter was two-fold: to characterize the aerosol flights on July 18 and the flight on July 28. The rest of the data are consistent with an air mass of marine origin. cles/cm®. The sampled region was not well-mixed, as can be seen
feeding the tropical convective cloud systems and to measure ra- In the time-series data presented below; on several occasions con-
diative effects beneath the cirrus anvils resulting from these sys- centrations changed by more than an order of magnitude in a few

tems. Hist £ GCCN Observations at S=0.2% seconds.
Flight Date Number of Measured Coefficient of slogram o Servations a 2%
Number Observations Concentration (cm™) Variation

The Twin Otter’s payload included two continuous-flow cylindrical Range Mean Range | Mean The agreement between the predicted and measured CCN concen-

CCN counters, operating at supersaturations of 0.2% and 0.85%. gﬁgg ;“}Y }2 396 %ggggg ggi 8(1)3833 8}; trations was at times very poor during this flight, particularly at

The data collected during the campaign are sufficient for a detailed CF-10 Jﬁg T T 6791553 250 010049 1 022 S=0.85%. Size distribution data presented below indicate that the

aerosol/CCN closure analysis, and indicate that in most cases, clo- CF-11 | July 18 26 106-1310 649 0.10-0.76 | 0.36 mode in the distribution often approached the predicted cut size for
the CCN counter, and that nearly all the excess particles were be-

sure can be achieved even with an idealized chemical composition. CE-12 | July 19 18 120-347 225 | 0.12-0.31 | 0.18
low the cut size for the instrument operating at S=0.2%.

CF-13 | July 19 25 39-80 55 0.25-0.76 | 0.46
CF-14 | July 21 7 281-641 475 0.13-0.33 | 0.20

Also presented are data from flight CF-18, during which atypically CF-15 | July 23 55 33-304 141 0.12-0.68 | 0.28

. : - : - : CF-17 | July 26 15 163-263 211 0.10-0.23 | 0.15
high CCN concentrations were observed, with rapid fluctuations in CE-18 | July 28 5 19.1975 147 101008 | 024

concentration. CF-19 | July 29 28 50-261 109 0.13-0.43 | 0.25
CF-20 | July 29 64 94-462 175 0.12-0.44 | 0.21

Number of Observations

— CPC (12 nm)

1 —— CCN (5=0.85%
Overall 33-1553 306 0.07-0.82 | 0.24 | i — CCN §S=O.2%))
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To verify the effective supersaturations of the CCN instruments, Number Observations Concentration (cm™) Variation

: : " : Range Mean Range | Mean
particles of known size and composition were simultaneously GF1 | Ty 3 13 324-1040 660 0.03.020 | 0.07 Histogram of CCN Observations at S=0.85%

measured by it and a condensation nucleus counter. CF2 | July3 57 288-801 514 | 0.03-0.99 | 0.09

CF-3 July 6 44 155-872 606 0.03-0.19 | 0.07

P : CF-4 | July7 29 399-935 554 | 0.03-0.41 | 0.22
The results of the verification experiments for one of the counters CE5 | July? 93 20301 155 1004144 | 020

can be seen in the figure below. For both ammonium sulfate and CF-6 | July 10 14 427-851 614 | 0.04-0.23 | 0.08
sodium chloride, the data indicate a sharp transition between those g?i? ;u}y }2 ;i 141037812636312 }gg 88;83 88;
. . g - uy - . =V. .

particles too small to activate and those whose critical supersatura- CF-12 | July 19 >0 5 87-640 156 1004020 1 0.08
tion is sufficient for growth in the instrument. Plotted as a function CF-13 | July 19 96 195-515 313 0.04-0.67 | 0.13
of critical supersaturation, the instrument’s response for each spe- CF-14 | July 21 22 225-1105 615 | 0.03-0.32 | 0.09

as is found 1o b v identical. with the t " . t CF-15 | July 23 84 218-720 326 | 0.04-1.28 | 0.13
approximately 0.85%. Similar experiments with the other counter CF-17 | July 26 27 261-402 314 0.03-0.53 | 0.09

: : : : 0 CF-18 | July 28 89 286-5999 1283 0.03-0.90 | 0.22
confirmed its effective supersaturation was 0.2%. CF-19 | Tuly 29 28 04136 215 1004050 016

CF-20 | July 29 68 151-1193 385 0.05-0.56 | 0.15
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Overall 868 70-5999 533 0.03-1.44 | 0.13 2000 3000 4000 4
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+ Throughout CRYSTAL-FACE, measure- Closure Analysis at S=0.2%

ments of the aerosol size distribution :

were made concurrently with the CCN
® Ammonium Sulfate measurements. For the closure analy-
m  Sodium Chioride sis, CCN data were averaged to match
the sampling interval (103s) of the dif-
ferential mobility analyzer (DMA). An
idealized ammonium sulfate concentra-
tion was assumed, and the predicted Cra
conc_:entratlop was cglcullated by inte- OF.14 Refe rences
grating the size distribution upward CF-15

from the cut size measured in the labo- ] gig Chuang, P. Y., A. Nenes, J. N. Smith, R. C. Flagan, and J. H. Sein-

Instrument Intercomparison ratory calibrations. At S=0.2%, this cut : CE-19 feld, Design of a CCN instrument for airborne measurement, J. At-

. _ _ o
siz6 was 79 nm; at 5=0.85%, it was 352 CF-20 mos. Oceanic Technol., 17, 1005-1019, 2000.

To confirm that the CCN counters were operating as expected dur- | \ S 1:1Line

ing flight, the temperature profile in one instrument was temporarily : 100 oot 8 8 TR0 2 Nenes, A., P. Y. Chuang, R. C. Flagan, and J. H. Seinfeld, A theo-

adjusted so that both counters were operating at S=0.85%. The re- gpeesgiiggshgéheEﬂzﬁuggiﬁtn felil)?less:;ets Observed Concentration (cm’ retical analysis of cloud condensation nucleus (CCN) instruments,

sults of this experiment are presented here. Over the course of 20- one size diStI’ibl.J’[iOn and the corre- J. Geophys. Res., 106, D4, 3449-3474, 2001.

minute comparison, the mean ratio (Nscripps/Ncaitecn) Was 0.917, with . L

a standard deviation of 0.115. When the two brief periods of large sponding CCN measurements. A lin

di t ted. th . (0 0.929 with ear regression of the results, with the
isagreement are omitted, the mean increases to 0.929, with a intercept forced to zero, result in a : Closure Analysis at S=0.85%
standard deviation of 0.086.

slope of 1.047 (R°=0.911) when : CF-1

_A 0 A Qo ) CF-2
5=0.2%. When 5=0.85%, the regres CF-3 VanReken, T. M., T. A. Rissman, G. C. Roberts, V. Varutbangkul, H.
sion results in a slope of 1.201

] CF-4 :
| — orc %zal?gnc)h) (R?=0.835): if flight CF-18 is omitted, H. Jonsson, R. C. Flagan, and J. H. Seinfeld, Aerosol/cloud con

CF-5 _ _ _
] — CCN (Scripps) the2 slope of the linear fit is 1.085 CE-6 densation nuclei (CCN) closure during CRYSTAL-FACE, manu-
' (R*=0.770).
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